The aim of the present note is to compare the recent LHC data at √ s = 13 T eV with our previous theoretical proposal that the true Higgs boson H T should be a broad heavy resonance with mass around 750 GeV . We focus on the so-called golden channel H T → ZZ where the pair of Z bosons decay leptonically to ℓ + ℓ − ℓ + ℓ − , ℓ being either an electron or a muon. We use the data collected by the ATLAS and CMS Collaborations at √ s = 13 T eV with an integrated luminosity of 36.1 f b −1 and 77.4 f b −1 respectively. We find that the experimental data from both the LHC Collaborations do display in the golden channel a rather broad resonance structure around 700 GeV with a sizeable statistical significance. Our theoretical expectations seem to be in fair good agreement with the experimental observations. Combining the data from both the ATLAS and CMS Collaborations we obtain an evidence of the heavy Higgs boson in this channel with an estimated statistical significance of more than five standard deviations.
Introduction
The mechanism of spontaneous symmetry breaking, now called the Brout-Englert-Higgs mechanism [1, 2, 3, 4] , is a fundamental aspect of the Standard Model Physics. Actually, the first runs of proton-proton collisions at the CERN Large Hadron Collider (LHC) with center-of-mass energies √ s = 7 , 8 T eV (Run 1) has brought the confirmation of the existence of a spin-zero boson H with mass m H ≃ 125 GeV which resembles the one which breaks the electroweak symmetry in the Standard Model [5, 6] . Usually the spontaneous symmetry breaking in the Standard Model is implemented within the perturbation theory which leads to predict that the Higgs boson mass squared is proportional to λ v 2 , where λ is the renormalised scalar self-coupling and v ≃ 246 GeV is the known weak scale. On the other hand, it is known that, within the non-perturbative description of spontaneous symmetry breaking in the Standard Model, self-interacting scalar fields are subject to the triviality problem [7] , namely the renormalised self-coupling λ → 0 when the ultraviolet cutoff is sent to infinity. Strictly speaking, there are no rigorous proof of triviality. Nevertheless, there exist several numerical studies which leave little doubt on the triviality conjecture. As a consequence, within the perturbative approach, the scalar sector of the Standard Model represents just an effective description valid only up to some cut-off scale. If the renormalised self-coupling of the scalar fields vanishes, then one faces with the problem of the spontaneous symmetry breaking mechanism and the related scalar Higgs boson. In fact, naively, one expects that the spontaneous symmetry breaking mechanism cannot be implemented without the scalar self-coupling λ. However, in Ref. [8] , by means of non-perturbative numerical simulations of the λΦ 4 theory on the lattice, it was enlightened the scenario where the Higgs boson without self-interaction could coexist with spontaneous symmetry breaking. This means that the Higgs boson condensation triggering the spontaneous breaking of the local gauge symmetries needs to be dealt with non-perturbatively. If this is the case, from one hand there is no stability problem for the condensate ground state, on the other hand the Higgs mass is finitely related to the vacuum expectation value of the quantum scalar field and it can be evaluated from first principles. Indeed, precise non-perturbative numerical simulations indicated that the true Higgs boson, denoted as H T in Ref. [9] , is a rather heavy resonance with mass [8] :
(1.1)
In our previous paper [9] we elaborated some phenomenological consequences of the massive Higgs boson proposal. In particular, we discussed the couplings of the H T Higgs boson to the massive vector bosons and to fermions, the expected production mechanisms, and the main decay modes. We also attempted a quantitative comparison in the so-called golden channel with available LHC data at √ s = 13 T eV from both ATLAS and respectively. The aim of the present paper is to extend such a comparison to the data collected by the CMS Collaboration in the 2016 and 2017 runs at LHC corresponding to an integrated luminosity of 77.4 f b −1 . The main results of the present note is that the experimental data from both the LHC Collaborations do display in the golden channel a rather broad resonance structure around 700 GeV with statistical significances well above four standard deviations for CMS and three standard deviations for ATLAS. Moreover, we find that our theoretical expectations seem to be in fair good agreement with the experimental observations. We also try a combination of the data from the ATLAS and CMS Collaborations corresponding to 113.5 f b −1 and obtain an evidence of the heavy Higgs boson in this channel with an estimated statistical significance exceeding five standard deviations.
We organise the paper as following. In Sect. 2, following Ref. [9] , we briefly discuss the couplings of our massive Higgs boson proposal to the Standard Model gauge fields, the main decay channels, and the production mechanisms. In Sect. 3 we compare our theoretical proposal with the recent data collected by the ATLAS and CMS Collaborations at √ s = 13 T eV in the golden channel. Finally, our concluding remarks are relegated to Sect. 4.
Physics of the H T boson
The phenomenological signatures of the massive H T Higgs boson are determined by the couplings with the gauge and fermion fields of the Standard Model. As already argued in Ref. [9] , the coupling of the Higgs field to the gauge vector bosons is fixed by the gauge symmetries. As a consequence the couplings of the H T Higgs boson to the gauge vector bosons are the same as in perturbation theory notwithstanding the non-perturbative Higgs condensation driving the spontaneous breaking of the gauge symmetries. Given the rather large mass of the H T Higgs boson, the main decay modes are the decays into two massive vector bosons (see, e.g., Refs. [10, 11] ):
Note that for heavy Higgs the radiative corrections to the decay widths can be safely neglected [12, 13, 14] . The couplings of the H T Higgs boson to the fermions are given by the Yukawa couplings λ f . Unfortunately, there are not reliable lattice non-perturbative simulations on the continuum limit of the Yukawa couplings. If we follow the perturbative approximation, then the fermion Yukawa couplings turn out to be proportional to the fermion mass,
Thus, for heavy Higgs the only relevant fermion coupling is the top Yukawa coupling λ t . On the other hand, we cannot exclude that the couplings of the physical Higgs field to the fermions could be very different from perturbation theory. Therefore, in Ref. [9] we introduced the parameter:
Obviously, in perturbation theory we have κ = 1. Nevertheless, in our previous work [9] we found that the experimental data pointed to strongly suppressed fermion Yukawa couplings. Indeed, in Ref. [9] we assumed κ ≃ 0. Actually, the available experimental data are still consistent with the somewhat weaker bound κ 0.15. The width for the decays of the H T boson into a tt pairs is easily found [10, 11] :
So that, to a good approximation, the Higgs total width is given by:
To evaluate the Higgs event production at LHC we need the inclusive Higgs production cross section. As in perturbation theory, for large Higgs masses the main production processes are by vector-boson fusion and gluon-gluon fusion. In fact, the H T Higgs production cross section by vector-boson fusion is the same as in the perturbative Standard Model calculations. Moreover, for Higgs mass in the range 700 − 800 GeV the main production mechanism at LHC is expected to be by the gluon fusion mechanism. The gluon coupling to the Higgs boson in the Standard Model is mediated by triangular loops of top and bottom quarks. Since in perturbation theory the Yukawa couplings of the Higgs particle to heavy quarks grows with quark mass, thus balancing the decrease of the triangle amplitude, the effective gluon coupling approaches a non-zero value for large loop-quark masses. This means that for heavy Higgs the gluon fusion inclusive cross section is almost completely determined by the top quark. Therefore, according to our approximations the total inclusive cross section for the production of the H T Higgs boson can be written as:
where σ V V and σ gg are the vector-boson fusion and gluon-gluon fusion inclusive cross sections respectively. The calculations of the cross sections computed at next-to-next-to-leading and next-toleading order for heavy Higgs boson with Standard Model-like coupling at √ s = 13 T eV can be found in Ref. [15] . As concern the gluon-gluon fusion cross section we found [9] that this cross section can be parametrised as: Likewise, the dependence of the vector-boson fusion cross section can be parametrised as: To compare the invariant mass spectrum of our H T Higgs with the experimental data, we note that: 11) where N H T is the number of Higgs events in the energy interval E 1 , E 2 , corresponding to an integrated luminosity L, in the given channel with branching ratio Br(E). The parameter ε(E) accounts for the efficiency of trigger, acceptance of the detectors, the kinematic selections, and so on. Thus, in general ε(E) depends on the energy, the selected channel and the detector. In Eq. (2.11) L H T is the Lorentzian distribution:
where Γ H T (E) is given by Eq. (2.5), and the normalisation is such that:
We assumed a slightly smaller value for the heavy Higgs boson central mass, namely m H T ≃ 730 GeV that, however, is within the statistical uncertainties of the lattice determination Eq. (1.1).
Comparison with the LHC data from Run 2
In the present Section we compare our theoretical expectations with the available experimental data from LHC Run 2 in the so-called golden channel corresponding to the decays H T → ZZ → ℓℓℓℓ, where ℓ is either an electron or a muon. Indeed, the four-lepton channel, albeit rare, has the clearest and cleanest signature of all the possible Higgs boson decay modes due to the small background contamination.
In Fig. 1 Fig. 1 ) we see that, indeed, in the high invariant mass region m ZZ 600 GeV , the background is strongly suppressed. To compare with our theoretical expectations, we display in Fig. 1, bottom a rather broad structure around m ZZ ∼ 700 GeV . Finally, the observed signal distributions seem to compare quite well with our theoretical proposal. In fact, in Fig. 1 , bottom panels, we display the expected signal histograms obtained with Eq. (2.11) by assuming κ ≃ 0.15 and ε(E) ≃ 0.80 to take care of the fact that the detectors do not cover the full phase space. To be quantitative, we may estimate the total number of events in the invariant mass interval 650 GeV m ZZ 800 GeV and compare with our theoretical expectations. We find: where, to be conservative, the quoted errors have been obtained by adding in quadrature the experimental errors. We see that CMS has an evidence of a signal reaching a statistical significance well above four standard deviations, while the signal significance of ATLAS is about three standard deviations. Moreover, the observed and predicted event counts are in quite good agreement. Since the signal distributions from both the LHC experiments are compatible, we may try to combine both LHC datasets. In Fig. 2 we compare the resulting signal distribution with our theoretical estimates. It is, now, evident, that the signal distribution displays a broad peak structure around m ZZ ∼ 700 GeV with a high statistical significance that compare favourably with our theoretical signal distribution (continuum line in Fig. 2 ). In this case we find: We see that there is an evidence of a signal reaching a statistical significance well above five standard deviations, and the overall observed and predicted event counts agree within 1.5 standard deviations. Therefore, we may conclude that our proposal for the heavy H T Higgs boson is finding in the golden channel the first clear confirmation.
Conclusion
It is widely believed that the new LHC resonance at 125 GeV is the Standard Model Higgs boson. However, stemming from the known triviality problem, i.e. vanishing selfcoupling, that affects self-interacting scalar quantum fields in four space-time dimensions, we evidenced that the Higgs boson condensation triggering the spontaneous breaking of the local gauge symmetries needs to be dealt with non-perturbatively. It is worthwhile to notice that if this is the case, from one hand there is no stability problem for the condensate ground state, on the other hand the Higgs mass is finitely related to the vacuum expectation value of the quantum scalar field and, in principle, it can be evaluated from first principles.
In the present and previous papers we elaborated some phenomenological aspects of the heavy Higgs boson scenario. We have critically discussed the couplings of the H T Higgs boson to the massive vector bosons and to fermions. We have also estimated the expected production mechanism and the main decay modes. Comparing with the available LHC Run 2 data we concluded that the coupling of the H T Higgs boson to fermions were strongly suppressed. We compared our proposal with the recent results in the golden channel from both ATLAS and CMS Collaborations. We found that the available experimental observations were consistent with our scenario. We are confident that forthcoming data from LHC Run 2 will add further support to the heavy Higgs proposal. However, it remains the problem of unraveling the true nature of the new LHC resonance at 125 GeV . Even though we are still convinced that the H boson cannot be the Higgs boson of the Standard Model, nevertheless up to now all the experimental informations from the LHC experiments seem to confirm that the H boson resembles quite closely the Standard Model Higgs boson. Thus, we see that the presence of two (perturbative and non-perturbative) Higgs bosons indicates that some fundamental and crucial aspects of the Standard Model spontaneous symmetry breaking mechanism are still missing. We hope that the forthcoming data from LHC will help to shed light on this fundamental aspect of the Standard Model.
